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MID-LATITUDE  TROUGH  PHENOMENON,  SCINTILLATION,  AURORAL  OVAL, 
IONOSPHERIC  MODELS  FROM  THE  F2  PEAK  TO  1000  km 


MUKHTAR  AHMED 
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1.  IT'.TRDDUCTiaj 


A kncwledqe  of  the  characteristics  and  physical  processes  oiJeratirKj 
tn  the  environment  of  space  sateliites-lt>pside  Ionosphere,  Plasmasphere , 
and  NVHjnetosphere  is  very  iirportant,  especially  the  ionization  irre<qaiariti>_u. 
as  they  affect  iH'  radio  propagation.  Hence,  an  extensive  investigation  to 
■anderstand  the  factors  governing  the  production,  location,  fine  structure 
and  morphology’  of  lonospheiric  features  like 

(at  Vad- latitude  trough  phencinenon 

(b)  Scintillation  phenomenon 

(c)  Auroral  oval 

(d)  Development  of  ionospheric  models  from  the  P’2  peak  to  1000  km 
in  Ionospheric  Monitoring  work 

was  undertaken.  The  results  of  this  work  are  eaqsected  to  provide  much 
needed  inpjuts  to  the  development  and  design  of  advanced  systems  for  reliable 
global  cciTTiunications  such  as  AFSATCCM  and  others. 

We  shall  discuss  below  the  differerit  investigations  iii  detail. 

2.  MID-LATITUDE  TROUGH 

This  ionospheric  phenomena  occurs  in  the  region  of  steep  ionization 
gradients-an  im|X)rtant  region  for  radar  back  sector  work  needed  for  routine 
monitoring  and  surveillance.  A detailed  knowledge  of  this  phenomenon, 
especially  its  jiiysical  dimensions  under  differing  geophysical  conditions, 

IS  still  in  a rudimentary  stage.  We  seek  to  nake  contributions  in  this 
regard. 

This  study  of  the  morphology  of  several  features  of  the  mam  trough 
is  based  on  five  yeiars'  data  obtained  from  thermal  plcisma  sensxirs  flown  on 
the  ISIS-I  and  INJIIN-V  satellites.  Boom-mounted  spherical  electrostatic 
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analyzers  v*?re  biased  to  measure  positive  ions  on  ISIS-I  and  electrons  on 
INJUN  V.  1110  dayside  trough  is  also  examined  and  the  trough  structure, 
that  is,  its  width,  depth,  equatorial  and  poleward  gradients  are  determined 
as  a function  of  local  time  and  season,  for  Kp  _ 3.  Additional  plasma 
depletions  observed  on  the  dayside  between  L = 2 and  4 at  altitudes  greater 
that  1500  km  are  also  described. 

The  main  trough  is  a region  vdiere  thermal  .plasma  density  depletions 
are  consistently  observed  at  mid- latitudes  in  the  nightside  ionosphere. 

It  is  considered  to  indicate  the  boundary  between  regions  of  the  ionosphere 
iving  different  primary  source  processes:  firstly,  the  low  latitude 

osphere  or  plasmasphere , resulting  principally  frcm  solar  radiation, 
and  secondly,  a high  latitude  region  due  primarily  to  magnetospheric  peir- 
ticle  precipitation. 

2.1  METHOD 

In  Figure  1,  the  orbital  parameters  for  the  satellites  utilized  are 
given.  Approximately  12,000  vdiole  or  partial  orbits  of  ISIS-I  data  and 
neeirly  5,000  orbits  of  INJUN-V  data  acquired  globally  were  examined. 

A representative  trough  obtained  on  ISIS-T  (orbit  6864)  is  shewn  in 
Figure  2.  It  is  shown  to  define  the  properties  we  have  measured. 

The  eejuatorial  edge  of  the  trough,  point  a,  is  the  location  of  the 
intercept  of  lines  drawn  through  the  first  ionization  maximum  in  the  pre- 
cipitation region,  and  the  pole^rard  trough  wall.  The  poleward  edge  of  the 
trough  is  at  point  d. 

The  width  is  taken  bo  be  the  invariant  latitude  range  between  points 
a and  d. 

The  depth  of  the  trough  is  defined  for  both  its  equatorial  and  poleward 


3 


Figure  1.  Orbital  paraneters  for  the  ISIS  I and  HJJUN  V satellites 


edge  since  the  densities  at  points  a and  d and  at  the  base  b and  c are 
frequently  very  different.  The  equatorial  depth  is  the  ratio  of  the  den- 
sity at  a over  the  density  at  b.  The  polcwcird  depth  is  the  density  at  d 
over  the  density  at  c. 

In  order  to  minimize  the  effects  of  varying  density  with  height, 
normalized  gradients  were  evaluated  at  the  equatorial  and  poleward  wall. 

Then  the  gradient  at  the  equatorial  edge  is  the  density  a minus  density  b 
divided  by  the  latitude  a minus  latitude  b all  over  the  average  density 
between  points  a and  b. 

Figure  3 illustrates  the  variability  of  ind:  'idual  troughs  at  different 
local  times  and  altitudes,  cri  the  left  side  of  the  Fj.gure,  troughs  meas- 
ured within  2 hours  of  local  noon  at  varying  altitudes  between  600  and 
2300  are  illustrated.  On  the  right  side,  results  obtained  within  2 hours 
of  midnight  are  given  for  600  km  and  3500  km.  The  nightside  troughs  tend 
to  be  broader  and  deeper  than  the  dayside  troughs. 

2.2  TROUGH  OCCURRENCE  FREQUENCY 

The  first  quantitive  values  of  trough  occurrence  as  a function  of 
local  time  are  shown  in  Figure  4.  The  results  for  each  hour  of  local  time 
are  based  on  data  frcm  at  least  two  seasons.  It  is  seen  that  in  the  night 
hours  between  1900  hrs  and  0400  hours  the  occurrence  frequency  is  high, 
greater  than  95%.  After  0400  hrs,  the  occurrence  frequency  decreases 
reaching  a minimum  of  48%  around  noon.  This  is  followed  by  a steady  in- 
crease to  1900  hrs.  These  nighttime  results  are  in  good  agresement  with 
results  reported  earlier  by  Tulunay  and  Sayers  (1971).  They  concluded, 
however,  that  the  trough  was  primarily  a nighttime  phenomenon.  The  dif- 
ference in  the  daytime  results  is  probably  due  to  the  selection  process  for 
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each  study.  Tulunay  and  Sayers  used  the  criterion  that  the  ratio  of  the 
naxunura  to  luinimm  density  in  the  trough  must  be  greater  than  2:1  for  a 
trough  bo  be  noted.  It  will  be  seen  frcm  our  results  on  trough  anplitude 
in  Figure  9 that  this  criterion  would  eliminate  most  of  the  midday  troughs 
vrfiich  we  have  identified,  where  values  as  lew  as  1.25:1  are  identified. 

2.3  THOUGH  LiXATICM 

The  mean  location  of  tlie  equatorial  edge  of  the  trough  as  a function 
of  time  is  shown  for  the  four  seasons  in  Figure  5.  It  is  seen  on  the  polar 
plot  that  the  seasonal  variation  of  the  trough  position  at  a given  local 
time  is  small  as  indicated  o.n  the  figure  except  for  the  hours  between  6 
and  9 am.  In  the  summer  the  invariant  latitude  and  hence  the  L value  of 
the  trough  increases  stead i 1 y between  0400  and  1000  hrs.  In  the  winter, 
the  trough  positicn  renains  close  to  the  nighttime  value  of  about  60° 
invariant  latitude  up  bo  0900  hours.  This  is  followed  by  a rapid  increase 
between  0900  and  1000  hrs.  These  differences  are  considered  bo  be  due  to 
the  varying  tilt  angle  of  the  sun  with  season. 

The  high  L value  (72°  invariant  latitude)  of  the  trough  on  the  day- 
side  near  local  nocai  should  be  noted.  [>iring  the  daytime  the  trough  is 
found  at  the  equatorial  edge  of  the  cleft  precipitation  region.  At  night 
it  is  found  at  the  equatorial  edge  of  the  auroral  precipitation  region. 

2.4  THOUGH  WIDTH 

The  first  systematic  study  of  trough  width  is  presented  in  Figure  6. 
The  troigh  width  exhibits  a simple  diurnal  variation  witli  a maximun  of 
7-12°  between  0300  and  0500  hours  and  a nunimLjm  of  about  4°  around  local 
noon,  it  then  increcises  gradually  to  the  early  morning  maximum.  There 
is  a pronounced  secisonal  variation  in  the  night  hours.  For  exairple,  at 
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Figure  5.  Mean  location  of  equatorial  edge  of  the  trough  as  a function 
of  local  time,  L value,  and  season 


in 


0500  hours  the  width  is  nearly  12°  in  winter  and  5°  in  sunmer.  Spring  and 
fall  vadues  lie  between  these  limits.  The  strong  influence  of  solcu:  radi- 
ation on  the  width  is  evident  from  the  onset  times  of  the  rapid  decrease 
in  width  in  the  mominq  hours  of  each  season. 

The  standard  deviaticxis  for  all  trough  parameters  are  large  as  illus- 
trated in  Figure  6 where  the  mean  width  data  for  sunmer  and  winter  is  given 
with  calculated  standard  deviation.  The  deviation  in  width  is  approximately 
+ 2°.  We  have  searched  for  factors  contributing  to  the  standard  deviation, 
including  altitude,  Kp,  previous  magnetic  history.  In  the  statistical 
analysis  of  data,  the  altitudes  of  trough  ci)servations  used  in  any  hour 
of  local  time  were  found  to  be  quite  considerable  and  were  suspected  as 
one  of  the  najor  causes  of  large  standard  deviation.  Figure  7 shews  a 
plot  veuriation  of  trough  width  against  altitude.  This  is  an  important 
result.  This  is  furthier  confirmed  by  a ocmparisr,n  of  simultaneous  meas- 
urements of  ion  densities  frem  our  SEA  experiment  on  ISIS-I  and  the  topside 
ionosonde  on  ISIS-II,  kindly  provided  by  Dr.  Whitteker  of  Canadian  Depart- 
ment of  Cormunications,  Ottawa,  Canada,  shewn  in  Figure  8. 

2.5  THOUGH  DEPTH 

The  depth  of  amplitude  of  the  trough,  that  is,  the  ratio  of  the  plasma 
density  at  the  trough  edge  to  the  value  at  the  base  of  the  trough  wall, 
has  been  evaluated  for  both  poleward  and  equatorial  edges.  It  is  seen 
in  Figure  9 that  the  airplitixie  is  a minimum  around  local  noon  and  a maxi- 
nun  neeur  midnight.  The  depth  changes  by  a factor  of  10  throughout  the 
day  in  winter  and  by  a factor  of  2.3  in  sunmer.  The  results  for  spring 
and  fall  lie  between  these  limits. 

Similar  results  were  obtained  for  the  amplitude  at  the  polewcird  edge 
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Figure  6.  Trough  width  vs  local 


Figure  7.  Trough  width  vs  altitude 


ELECTRON  DENSITY  (Cm'3) 


INVARIANT  LATITUDE  (deg  ) 


Figure  3.  Me  in-si tu  frcm  ISIS  I SEA  and  ISIS  II  Topside  ionosonde 


vdth  the  exception  of  winter  nights  when  the  ratios  were  2 to  3 times 
analler  than  for  the  equatoried  depth.  This  reflects  primarily  the  smaller 
contribution  of  soleur  radiation  to  the  ionization  in  the  polau:  regions  an 
winter  nights.  The  altitude  veuriation  was  suspected  here  as  a major  cause 
of  standard  deviation  in  trough  depth.  This  was  investigated  by  examining 
the  vauriation  in  trough  depths  in  data  from  a ncurrow  local  time  sector  but 
shohdng  a wide  vzuriation  in  altitude.  Figure  10  shows  trough  depth  plotted 
against  altitude.  Confimation  of  this  was  observed  in  the  topside  iono- 
sonde  data  provided  us  by  Dr.  Whitteker  of  CPC,  Ottawa,  Ceinada. 

2.6  THOUGH  GRADIE2WS 

Pleiana  density  gradients  at  the  equatorial  edge  of  the  trough  2is  a 
function  of  local  time  for  each  secison  cure  shown  in  Figure  11.  The  aitpli- 
tude  of  the  diurnal  variation  is  greatest  in  winter  when  there  is  observed 
an  80%  change  in  density  per  degree  latitixie  at  2000  hours  and  a mininun 
of  25%  per  degree  latitude  aunund  local  noon.  In  siitraer,  the  gradients 
are  reduced  with  a raaxinun  of  45%  per  degree  at  2000  hrs  amd  a minlnun  of 
17%  per  degree  at  1300  hrs. 

The  diurnal  and  seasonal  variation  of  the  poleward  gradients  are 

4 

similar  to  the  results  obtained  at  the  equatorial  edge  (Figure  12) . The 
most  noticeable  difference  is  that  the  poleward  gradients  are  consistently 
found  to  be  much  higher  in  the  night  hours. 

The  role  of  the  edtitude  variation  toward  the  standard  deviation  In 
the  results  was  investigated  by  examining  the  eguatorward  and  poleward 
gradient  in  an  hour  of  loced  time  ilb  shown  in  Figure  13. 

A regression  analysis  perfomiBd  for  the  equatorwerd  and  poleward  gra- 
dients shows  the  following:  Trou^  equatoxward  gradient  ■ 

16 


d 


I 


to 


M 

CO<i>^  CMOCOtO^CVJOOO^O  ^CVJO 
CJfVJCViCOCVJ  — — ~ — 

Hld3a  (QdVMdOlVnOB)  Honodl 

17 

i ' 


TROUGH  POLEWARD  GRADIENT 


\ . 

W 

V 

o \\ 

0 

K 

<Vi  w 
2 < 

1 2. 

2 < 

y — 12  Q 

S N li 


uip^.o 

2zq:_j 
3^Q-< 
(/)$(/)  u. 


V.  i 
Vi 

//  7 


^ u> 


o 

o 2 

o 

o o 

o o o o 

o 

^ 00 

h- 

iD  lO 

^ ro  CM  — 

3aniiivn 

JO 

33H93Q/N 

39NVH0  lN30a3d 

18 

•.it  1 

Figure  11.  ttormalized  equatorial  edge  trough  gradient  vs 


1 I 1 1 I I Li I I lO 

00  t£>5f(VJ 

- - - ~ — d d d d 

'^'A00\  Ad3A3  Q39Vd3AV  SiN3IQVa9  H9n0dl  QBZnVWdON 

20 


i 


0.62  - 9.82  X 10”^  X Alt.  (1)  Trough  poloward  graditint  = 

1.44  X 18  X 10  ^ X Altitude  (2)  A ccrnparison  of  the  enpirical  equations 
(1)  and  (2)  shcvs  that  the  poleward  gradient  at  a given  altitude  is  about 
2.5  times  the  etjuatorward  ^gradient. 

2.7  SOURCES  CF  VARIATION  IN  STATISTICAL  RESULTS 

An  exhaustive  investigation  of  the  sources  of  vairiation  in  statistical 
results  of  the  various  trough  parameters  was  made.  It  was  found  that  using 
all  data  for  Kp  £ 3 and  treating  them  as  representative  of  quiescent  mag- 
netic conditions  is  erroneous.  This  study  revealed  that  under  strictly 
controlled  altitude  conditions  over  a narrcw  local  time  sector,  the  trough 
parameters  vaiy  for  Kp  values  from  0 to  3.  Hence,  our  statistical  values 
should  be  considered  as  the  mean  values  over  the  Kp  range  0 to  3 . Further- 
more, the  usual  practice  of  assignment  of  Kp  values  to  trough  measurenents 
made  at  the  same  time  is  not  strictly  correct,  as  this  procedure  ignores 
the  previous  magnetic  history  of  the  ionosphere  that  oould  influence  the 
measurements  at  a later  time.  It  should  also  be  borne  in  mind  that  the 
data  analyzed  in  this  report  covered  several  seasons  over  the  period  of 
four  years,  and  hence,  could  be  influenced  by  the  changing  solar,  magnetic, 
and  iOTvospheric  conditions  and  are  bound  to  reflect  seme  variations. 

2.8  DISCUSSION  CF  RESULTS 

In  this  report,  wc  have  presented  only  results  for  lew  Kp,  {Kp  ^ 3q)  . 
We  have  carried  out  a similar  analysis  of  a analler  sample  high  Kp  data. 

Ihe  results  on  the  trough  structure  are  found  to  be  surprisingly  similar 
to  the  results  at  Jew  Kjo  with  the  location  moved  to  Icwer  latitudes. 

It  is  instructive  to  relate  these  results  on  the  trough  location  to 
independent  measurements  of  the  plasmapaiase  location  from  the  same  satel- 
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lite  by  Bract'  anti  Thc'is  (1974),  and  by  Miller  (1974)  as  well  as  with  other 
higher  altitude  measurerr^nts  of  the  plasmapausc . 

Brace  and  Tlieir  reported  (.fradients  m electron  density  above  2000  )tm 
on  the  dayside  fren  ISIS-I.  They  asstx:iate  tliese  gradients  with  the  plasna- 
pause  location.  We  observe  similar  gradients  with  our  own  ion  probe  on 
ISIS-I  on  over  60%  of  the  data  near  this  location  at  altitudes  above  2000  km. 
Figure  14,  for  exanple,  gives  results  for  the  midday  pass  6325.  A low 
latitude  density  gradient  is  seen  at  about  L = 3 together  with  a high  lati- 
tude trough  observed  at  78°  latitude.  consider  tliat  the  low  latitude 
gradients  indicate  the  partial  filling  of  flux  tubes  at  low  latitudes.  The 
high  latitude  dayside  trough  would  not  normally  bo  seen  in  the  analysis 
carried  out  by  Brace  and  Theis  since  they  used  a spatial  resolution  of 
about  9°  in  their  analysis. 

In  Figure  15,  we  cerpare  the  equatorward  edge  of  the  trough  with  the 
plasmapause  location  observed  by  others.  In  addition  the  cross-hatched 
region  on  the  dayside  (between  L = 2 and  4)  indicates  the  location  of  lew 
latitude  high  altitude  density  depressions  mentioned  above.  It  is  seen 
that  on  the  nightside,  the  trough  location  agrees  witli  the  plasirapause 
location  reported  by  other  workers.  On  the  dayside,  two  regions  of  plasma 
depletion  are  observed.  First,  the  liigh  latitude  trough  observed  at  all 
altitudes  located  at  the  equatorward  edge  of  the  cusp.  Second,  plasma 
depletions  between  L = 2 and  4 at  altitudes  greater  than  1500  km.  Since 
they  occur  on  Ic^s^r  L shells  than  the  normal  plasnHt>ausc> , we  consider  that 
they  represent  [icurtial  filling  of  plasnvisphere  flux  tulies  as  described  by 
Banks  and  Doupnik  (1974). 

FLnally,  wc  must  consider  how  those  data  add  to  our  understanding  of 
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I.  ISIS-ISEA  TROUGH  POSITION  1969-1972 

PLASMAPAUSE  —f2. CHAPPELL  et  al  (1971) 

3.  CARPENTER  (1966) 

^4.  ISIS- 1 BRACE  a THEIS  (1974) 

ISIS- 1 SEA  DAYSIDE  ELECTRON  DENSITY  GRADIENT  LOCATION 
Kpc3  12 


00 

LOCAL  TIME(hrs) 


I 

Figure  15.  Onnparison  of  trough  i»sition  determined  frm  the  ISIS  I SEA 
with  piasnapause  location  determined  frcm  other  sources  and  with  the  day- 
side  electron  density  gradient  location  determined  fron  the  ISIS  I SEA. 
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the  formation  of  the  trough.  Since  they  are  real  data,  gathered  on  a global 
scale  over  several  years,  we  cannot  dismiss  them  if  they  do  not  fit  current 
theories  of  the  formation  and  maintenance  of  the  trough.  In  particular, 
the  existence  of  daytime  troughs  neans  that  solar  UV  cannot  alv^eys  be  the 
major  determining  cause  of  trough  formation.  Since  the  daytime  trough  has 
a lower  probability  of  occurrence  and  is  less  prcnounced  than  at  night,  we 
must  conclude  that  competing  processes  control  the  plasre  density  and  motion 
at  different  times,  and  that  these  can  semetimes  overceme  the  constant 
replenishment  of  ionization  by  solar  UV  on  the  dayside.  The  most  important 
of  these  is  convective  drift  across  the  polar  cap  to  supply  plaana  at  night. 

Other  processes  vdiich  influence  the  trough  and  its  location  include, 
on  the  nightside:  1.  Auroral  particle  precipitation,  causing  ionization  to 

give  the  poleward  boundary;  2.  The  escape  of  light  (H''’  and  He'*’)  along  open 
field  lines  to  give  depletion  of  plaana  within  the  trough;  3.  The  presence 
of  electric  fields  within  the  trough  regions.  This  causes  bulk  motion  of 
the  plasTva  (direct  depletion)  in  addition  to  Joule  heating  as  this  flow 
takes  place.  This  heating  increases  the  reaction  rate  of  + N2  - NO'*’  + N, 
further  reducing  total  ionization  present  above  the  F region  peak. 

The  processes  used  by  E fields  beceme  very  important  in  the  formation 
of  the  trough  at  latitudes  and  altitudes  where  H'*’  is  not  the  deminant  ion, 
and  where  the  more  clcissical  picture  of  ion  escape  along  magnetic  field 
lines  is  usually  invoked  as  the  major  cause  of  ion  depletion. 

On  the  dayside,  the  poleward  edge  is  again  set  by  the  particle  precip- 
itation. At  the  equatorward  edge,  however,  the  location  shewn  in  Figure  12 
arounci  L = 8 - 12  for  several  hours  each  side  of  local  noon,  fits  more 
closely  with  the  cusp  location  than  with  the  plasnapause. 
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2 . 9 CXWCU.'S  K'iN 


1.  The  trouqli  is  found  to  exist  at  all  local  times.  It  is  not  only 
a nighttime  phencmenon.  It  is  consistently  found  at  the  equatorial  edge 
of  the  precipitation  zone. 

2.  Significant  variation  of  the  widtiis,  amplitude,  and  gradients  at 
both  the  equatorial  and  poleward  trough  wall  are  found  with  local  time  and 
season.  Maximum  values  are  observed  on  winter  nights. 
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3 .  SCIOTILIATION  STUDIES 

Ionospheric  Scintillation  studies  are  being  investigated  in  the  high 
latitude  and  equatorial  regions. 

The  original  studies  in  the  high  and  polar  latitudes  are  being  extc:ided 
to  investigate  the  local  time,  seasonal  and  geophysical  variations.  Features 
associated  with  scintillations  in  the  lew  and  equatorial  regions  are  being 
identified,  and  their  latitudinal  extent,  longitudinal  dependence,  seasonal 
and  local  time  characteristics  will  be  evaluated.  Information  on  equatorial 
scintillations  is  very  sparse  cind  the  Air  Force  is  greatly  interested  in 
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this  projec±. 

The  data  for  this  investigation  are  the  measurements  of  ion  density 
made  suiultaneously  by  the  ISIS-I  SEA  experiment  and  the  RF  Scintillation 
frcm  the  ATS  3 and  5 satellite  r€KX>rded  at  the  three  ground  stations: 
Narsarssuaq  (Greenland) , Hamilton  (Massachusetts) , and  Huancayo  (Peru) . 

4.  AURORAL  CVAL  STUDIES 

A preliminary  study  was  made  to  investigate  the  feasibility  of  using 
the  'Q'  Auroral  index  as  a measure  of  polar  cap  size  and  activity.  Ccm- 
p>arative  studies  have  been  made  with  results  from  simultaneous  experiments. 
The  results  are  not  entirely  satisfactory.  However,  it  is  felt  that  more 
work  has  to  be  done  in  this  regard  to  get  a conclusive  picture.  Satellite 
and  other  supporting  data  recorded  during  the  extensively  studied  magnetic 
storm  of  December  1971  was  suggested  for  this  study. 

5.  THE  DECEMBER  1971  MAGNEn’IC  STORM  STUDY 

Tlie  importance  of  this  magnetic  storm  for  a corparative  study  with 
other  simultaneously  collected  ionospheric  data  was  discussed  at  the 
April  8-9,  1975  AFX3RL-Air  Weather  Ccrmand  meeting  held  at  AFURL.  It  was 
suggested  that  an  extensive  investigation  be  made  of  this  period  using 
ISIS-I  data  to  obtain  values  of  the  different  characteristics  of  the  trough 
and  of  the  precipitaticn  regions. 

6.  TCX>S1E*:  STRUCIURE  MONITOR 

The  Defense  Meteorological  Satellite  Program  (EMSP)  office  at  SAMSO 
and  the  Air  Weather  Service  (AWS)  and  the  Glchal  Weather  Central  (GWC)  ha'/e 
planned  tha  launch  of  Topside  Ionosphere  Stnocture  Mcnitors  beginning  in 
the  latter  part  of  1977. 

Electron  and  ion  sensors  on  the  Topside  lorvosphere  Structure  Monitor 
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will  measure  in  situ  ion  and  electron  density  and  toinperaturo  and  the  scale 
height  (H)  in  the  tcpside  ionosphere.  These  plasna  measurements  will  provide 
inputs  to  AWS  and  GWC.'  ionospheric  prediction  programs  for  the  determination 
of  total  electron  content  and  electron  density  profiles.  The  plasna  irreg- 
ularity meaurements  can  identify  the  mid-latitude  electron  trough  \4iich 
will  be  used  to  determine  whether  lew,  mid,  or  high  latitude  prediction 
programs  should  be  used  to  provide  propagation  conditions  to  operating  cem- 
mands.  The  satellite  data  fron  these  instruments  when  properly  analyzed 
and  interpreted  will  extend  the  capability  of  the  Air  Force  to  provide 
global  information  on  several  ionospheric  parameters  of  importance  to  oan- 
nunications,  surveillance,  and  detection  systems. 

The  single  in  situ  measurements  of  plasma  parameters  along  the  orbital 
path  of  about  800  km  are  to  be  used  in  monitoring  the  critical  frequency 
of  the  F2  (fof’2)  layer  and  the  scale  height  (H)  near  the  F2  peak.  This 
type  of  informaticn  is  very  spetrse  over  less  populated  and  oceanic  areas 
and  hence,  this  CMSP  program  will  fill  this  need. 

Further  investigations  of  the  various  models  of  the  ionosphere  were 
nade.  Mechanisns  for  the  calculation  of  H (the  scale  height)  in  the  nose 
region  of  the  parabolic  ionization  cure  being  investigated  with  a view  to 
developing  theoretical  models,  rxir  studies  show  that  the  exponential  model 
fits  the  ionization  variation  well  up  to  an  altitude  of  nearly  800  km.  The 
Damon  model  gives  unsatisfactory  results. 

The  accuracy  of  the  models  depends  upon  the  values  of  the  M factor 
obtained  frem  ITSA  data  books.  The  magnitude  of  errors  introduced  in  the 
fQF2  values  due  to  the  sparse  coverage  of  M values  in  certain  latitude  and 
longitude  regions  liave  been  evaluated.  To  investigate  the  structure  of 
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the  lonosi^re  tn  the  region  300-1000  km,  models  of  the  atmosphere  have  to 
tie  devt'lojuxi  by  incxoriX)ratinq  the  variations  in  temperature,  density  and 
scnle  height  near  the  peak  of  the  1^2  region.  Preliminary  studies  have 
alre.K]y  i»x'n  rrvide  .imJ  are  supplemented  by  incorporating  new  material  from 
thi'  back  itatter  radar  measurements  by  J.  V.  Evans  at  Milestone  Hill, 
Massac:husetts.  Scmr-  additional  work  has  been  done  on  the  nature  of  tem- 
[jerature  variaticxi  with  altitude  in  the  region  above  the  F2  peak.  This 
will  be  used  in  the  development  of  empirical  models  of  the  topside  iono- 
sphere. Lcrvutations  of  the  scale  height  (H)  above  the  F2  peak  were  made 
usincj  averaged  values  of  mean  ionic  masses  and  plasma  tenperatures  for  the 
day  and  night  times.  These  calculations  give  information  about  the  magni- 
tude and  direction  of  the  scale  height  variation. 

Theoretical  models  of  distribution  of  ionization  in  the  topside, 
like  the  Damon  model  and  the  exponential  (Bent)  model  have  been  examined 
using  measured  values  of  electron  density  profiles  from  the  ISIS-I  topside 
lonograms,  kindly  provided  us  by  Dr.  Whitteker  of  Canadian  Department  of 
Carmunications,  Ottawa,  Canada. 

Mapping  of  irregulatities  in  the  topside  ionosphere  down  to  the  F2 
peak  vsas  critically  investigated.  This  shewed  that  irregularities  do  not 
nap  along  field  lines  but  they  can  be  recognized  easily  for  a change  of 
altitude  at  any  given  geographic  latitude  and  longitude. 
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FIGURES  CITED  IN  THE  TEXT 

1.  Orbital  parameters  for  the  ISIS-I  and  INJUN-V 
satellites 

2.  Typical  trough,  ISIS  I,  Orbit  6864,  altitude 
1300  km 

3.  Vcuriability  of  troughs  at  different  local  times 
and  altitudes,  ISIS  1 

4.  Occurrence  frequency  of  trough  vs  local  time 

5.  Mean  location  of  equatorial  edge  of  the  trough  as 
a function  of  time  and  L value  for  four  seasons 

6.  Trough  width  vs  local  time 

7.  Trough  width  vs  altitude 

8.  Me  in-situ  frcm  ISIS  I SEA  and  ISIS  2 lonosonde 

9.  Equatorial  edge  trough  depth  vs  local  time 

10.  Equatorial  edge  trough  depth  vs  altitude 

11.  Normalized  equatorial  edge  trough  gradient*^ocal  time 
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12.  Normalized  poleward  edge  trough  gradient  vs  local 
time 

13.  Bquatorward  and  poleward  gradient,  lines  of  best  fit 

14.  Ion  density  vs  invariant  latitude 

15.  ISIS  I SEA  trough  position  1969-72,  Plasmapause 
1966-74,  ISIS  I SEA  dayside  electron  density  gradient 
location 
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DEVELOPMENT,  CALIBRATION  AND  INTEGRATION  OF 
ELECTRICAL  AND  MECHANICAL  INSTRUMENTATION  FOR  SCIENTIFIC  EXPERIMENTS 


PETER  B.  ANDERSON 
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1.  rmTODUCT'ION 


This  section  describes  the  engi-neerinq  activities  during  this  contract 
period.  Individual  project  areas  have  been  subdivided  for  clarity. 

2 . ABOUIS  ROCKETTS 

Develop,  calibrate,  and  integrate  electrical  and  mechanical  instrumen- 
tation for  scientific  experiments  to  be  flown  on  two  AEOLUS  Rocket  payloads, 
(a)  Electric  E'ield  and  Electron  Density  Measuranents  (AlO. 302.1) 

The  objective  of  this  experiment  was  to  determine  the  electric 
field  influence  on  ion  and  electron  motion.  This  was  acccmplished  by  launch- 
three  rockets,  the  first  two  of  which  were  chemical  cloud  releases  followed 
by  a third  carrying  the  diagnostic  instrumentaticffi  through  the  chemical 
cloud.  The  instruments  for  measuring  the  electric  fields  and  electron  den- 
sities were  designed  under  this  contract.  The  flight  instrumentation  con- 
sisted of  four  motorized  electric  field  antennae,  electron  density  sensor/ 
boon  assembly,  electron  density  DOG  electrcmeter , and  a main  electronics 
package.  The  interoonnecticai  diagram  showing  the  above  units  is  shewn  in 
Figure  1 . 

The  engineering  effort  for  the  above  instnmentaticn  included  circuit 
design,  printed  circuit  layouts  and  election  density  sensor,  and  electronics 
package  design.  The  electron  density  system  consisted  of  a LDG  electrometer 
and  level  shifter  module.  Within  the  electronics  package  were  several 
printed  circuit  board  assanblies.  Each  printed  circuit  (PC)  board  performed 
specific  system  functions.  Boeurd  level  functions  include  the  power  supply 
program  timer,  sweep/calibration,  program  monitor,  difference  amplifiers, 
and  electrometers.  A schematic  of  the  four  electric  field  electrometers  is 
shewn  in  Figure  2.  After  the  flight  hardware  was  feibricated  by  AFGL,  the 
instruments  were  aged  with  temperature.  Next,  the  flight  systan  was  cali- 
brated in  all  modes  of  operation.  Finally,  travel  to  NRC  at  Churchill, 
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yanitctoa,  Canada,  was  made  in  sup^x^rt  of  the  launches. 

(b)  Electric  Field  Measurarvents  (MO.  403. 3) 

For  this  payload,  instrumentation  was  recjuired  for  only  the  electric 
field  measurements.  The  electric  field  flight  system  was  identical  to  the 
above  hardware  and  was  prepared  in  jjarallel  witn  it.  Launch  was  made  at  a 
later  date,  but  on  the  same  field  trip  to  NRC. 

3.  »'£P  SATEL1.ITI-:  (SST/E) 


lOTiospheric  plaanas  monitors  (SSI/E)  will  be  flcwn  on  three  (3)  Block 
5D  DMSP  satellites  to  nake  in-situ  measurements  of  topside  plasma  scale 
height,  snail-scale  lonizat.on  irregularities  and  F region  critical  fre- 
quencies. The  SSI/E  syston  design  consists  of  the  following: 


Electron  Probe; 
(Bocm  Mounted) 


Ion  Probe: 
(Boon  Mounted) 


A spherical  electrostatic  analyzer  {2k"  dia.) 

Weight:  0.16  lbs. 

Density  range;  10  to  5 x 10^  per  on^ 

Corresponding  F region  critical  frequencies  1 to  30  mHz 
Current  range:  -10~^  to  -10~^^  amperes 

Tatperature  reinge:  1000  to  15,000  degrees  Kelvin 

Satellite  potential:  +5  to  -10  volts 

A planar  electrostatic  analyzer  (3"  dia.  x 1.9") 


Weight"  0.62  lbs. 

Density  range:  10  to  5 x 10^  per  cm^ 

-7  -12 

Current  range:  5 x 10  to  5 x 10  amperes 

Temperature  range:  1000  to  15,000  degrees  Kelvin 
Ion  mass  range:  1 to  35  amu 

Electronics  Includes  positive  and  negative  electremeter  amplifiers, 

Package: 

sweep  and  bias  circuits,  timing  and  control  electronics, 
digital  interface  circuitry  and  pcvx?r  oonveurter.  Dim. : 4"x4"x6" 

Weight:  2.92  lbs. 


36 


Systcyn  Total  Weight  - 3.7  lbs.  (Excluding  Bocitis  and  S/C  Harness) 

Specifications: 

Total  Power  - 3.0  watts 

Total  Volume  - 150  in^  (Excluding  boons) 

Telemetry  - 180  bits  per  second 

Six  samples  per  second  are  talien  on  each  of  2 sensors  re- 
sulting in  a spatial  resolution  of  1.0  km  for  the  electron 
density  measurement.  A plasma  tanperature  measurement  is 
made  every  900  km. 

Considerable  time  went  into  developing  lew  power  LOG  electroneters  fer 

measui  ing  positive  and  negative  current  over  a five  (5)  decade  range  witJi 

-12 

a mininium  current  of  10  amperes.  The  outputs  of  the  electremeters  change 
at  a rate  of  1 volt  [ler  decade  of  input  current.  A schematic  of  SSI/E  elec- 
tremeters is  shown  in  Figure  3.  The  electron  probe  is  connected  to  the 
negative  LOG  electroneter  and  the  ion  probe  is  connected  to  the  positive 
LOG  electrcmeter . The  electremeters  are  located  on  a printed  circuit  board 
within  the  electronics  pac)cage.  The  electronics  package  also  contains  the 
rest  of  the  systan  circuits  which  are  separated  frem  the  electremeters  by 
a shield.  Other  printed  circuit  board  designs  contain  the  level  shifter 
circuits  and  analog  telanetry  monitors,  sweep  and  calibration  control  cir- 
cuits, program  timer,  and  digital  data  interface  circuit.  Since  the  electro- 
meters and  their  outputs  are  floating  at  fxitantials  witli  respect  to  cir- 
cuit cermon,  Iwel  shifter  circuits  are  required  to  reference  the  electro- 
meter outputs  to  telemetry  cotmon.  The  level  shifting  is  acconplished  by 
a differential  anplifier  which  measures  the  difference  between  the  electro- 
meter coimon  and  the  electrcmeter  output.  The  output  of  each  level  shifter 
circuit  is  wired  to  the  digital  data  interface  board.  The  program  timer 
circuit  is  clocked  by  a synchronized  1 ^2  (-’^Ise  (read  pulse-SSI/EPED)  frem 
the  spacecraft  which  is  used  for  generating  a 1024  sec  program  cycle.  The 
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t’  stxpjencx'  of  events  within  the  program  cycle  is  shown  in  Table  1. 

Telemetry  output  consists  of  two  analog  lines  and  one  digital  line.  The 
tv*.)  analog  lines  monitor  tisrperature  and  the  resting  bias  mode  widch  is  pro- 
gramnable  with  a digital  ccrmand  signal.  The  digital  line  is  a multiplexed 
signal  which  contains  the  electron,  ion,  and  event  monitor  data.  The  digital 
data  interface  board  converts  the  electron,  ion,  and  event  monitor  analog  sig- 
nals into  a single  digital  NRZ  (non-retum  to  zero)  data  signal,  designated  as 
(SSI/EDAT)  to  the  0L£  (Operational  Linescan  System) . This  data  signal  is  trans- 
ferred in  phase  with  the  OLS  supplied  bit  clock  in  bursts  of  180  contiguous 
bits  at  a bit  rate  of  1000  Hz  +1  Hz.  Upon  carrmand  (SSI/ERED)  from  the  OLS, 
the  SSI/E  provides  one  180-bit  data  block  per  second  with  the  least  signifi- 
cant bit  (LSB)  occurring  first  in  the  first  word. 

The  SSI/E  180-bit  data  block  consists  of  twenty  9-bit  data  words  as 
follows: 

7 Samples  Electron  Data  (Words  1,  4,  7,  10,  13,  16,  19) 

7 Sam[)les  Ion  Data  (Wbrds  2,  5,  8,  11,  14,  17,  20) 

6 Samples  EVent  Monitor  (Wbrds  3,  6,  9,  12,  15,  18) 

I All  data  is  stored  in  SSI/E  shift  registers.  Once  per  second  a read 

i pulse  (SSI/ERED)  of  180  ms  duration  from  the  OLS  allows  the  registers  bo 

shift  cut  data  aocjuire  during  the  1000  ms  period  prior  to  the  END  of  the 
read  period  as  shewn  in  Figure  4.  Word  1 is  shifted  out  first. 

The  above  SSI/E  circuit  designs  were  initially  breadboarded  by  AFX3L 
and  tiicn  evaluated  for  6 months  without  experiencing  a failure.  After  the 
breadixaard  evaluation,  the  flight  printed  circuit  board  designs  were  con- 
I plettxJ.  Next,  td**  flight  .sensors,  printed  circuit  board  assemblies,  elec- 

I 

tronics  package,  and  DC-DC  converter  as-semblies  were  fabricated  by  A1X3L.  The 
following  chart  shews  the  status  of  the  three  flight  systems  on  30  April  1977. 
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DATA  ACQUIRED  DURING 
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SSI/ERED 


SSI/ERED 


Figure  4.  OMSP  SSI/E  data  cycle. 
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Figure  5.  SCATHA  surface  and  boon  mounted  instruments. 


Function 

S/N  1 

S/N  2 

S/N  3 

Assembled 

X 

X 

X 

Aged 

X 

X 

Calibration 

X 

X 

RCA  Integration 

X 

Vibration  Tests 

X 

Thermal  Vacuum 

X 

Vandenberg  GO-No  GO 

X 

Launched 

Travel  to  several  sites  in  support  of  the  first  (SA'*  D SSI/E  system  was 
made.  Qie  trip  to  the  Westinghouse  plant  was  made  to  evaluate  the  digital 
interface  between  the  satellite  and  the  SSI/E  digital  data  interface  circuit. 
Also,  several  trips  were  made  to  RCA  for  the  integration,  vibration  and  thermal 
vacuum  tests.  Finally,  one  trip  was  made  to  Vandenberg  AFB  for  a prelaunch 
Go-No  Go  test  for  the  first  flight  system. 

4.  SCATHA  SATELLITE  (SC6-1,  2,  and  3) 

The  'Phermal  Plat*a  Analyzer  (SC6)  will  measure  the  direction  and  magnitude 
of  the  plasna  bulk  itTition,  the  density  and  tenperature  of  the  plasma  'bath'  in 
V(hich  the  satellite  is  imnersed,  and  investigate  spacecraft-plasma  interaction 
mechanisms  by  measuring  fluctuation  in  vehicle  potential  and  charging  and 
discharge  curr€jnts  to  the  satellite  due  to  environmental  factors  such  as  solar 
illumination,  satellite  motion,  plasma  temperature,  density,  and  motion  varia- 
tions during  quiet  and  disturbed  conditions.  Tt  is  also  aimed  at  studies  of 
these  prc^aerties  under  controlled  conditions  vrtien  the  spacecraft  potential  is 
varied  by  means  of  an  electron  gun.  These  constitute  sane  of  the  prime  meas- 
urements required  to  understand  and  solve  the  problem  of  spacecraft  charging 
at  high  altitudes. 
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^ The  Thernul  Plaana  Analyzer  consists  of  three  gridded  sensors  and  an 

electronics  package  (SC'6-3).  TVro  sensors  (SC6-1)  are  mounted  on  a bocm 

3 meters  frcm  the  nearest  space  vehicle  body-mounted  conponents.  The  third 

sensor  (SC6-2)  is  body-mounted  on  the  conducting  end  of  the  sfiace  vehicle. 

The  normal  to  the  aperture  of  one  bocm  sensor  is  [larallel  to  the  normal  to 

the  aperture  of  the  surface  sensor  and  also  parallel  to  the  sfiace  vehicle 

spin  mmentum  vector.  The  second  boctn  sensor  normal  is  perpendicular  to 

the  spin  vector.  The  experiment  will  measure,  by  retarding  potential  analy- 

-1  4 

sis,  the  environmental  electron  and  ion  densities  in  the  range  10  to  10 
per  on^  and  particle  energies  in  the  range  0.1  to  100  eV. 

Basic  mechanical  design  of  the  gridded  prctoe  is  shown  in  Figure  5. 

The  caT±)ined  measurements  frcm  the  .surface  mounted  sensor  and  tne  boon 
mounted  units  nake  it  possible  to  ascertain  the  influence  of  photoelectrons 
frcm  the  spacecraft  surface.  Photoelectron  production  within  the  sensor  is 
further  minimized  by  restricting  the  sensor  aperture  field  of  view  to  a 15° 
half-angle  cone.  Depending  on  the  voltage  of  the  oollector  and  stepped  grid, 
electrons  or  positive  ions  will  be  measured.  During  disturbed  cc:>nditions 
the  vehicle  potential  may  cjxceed  100  V negative.  In  this  case,  the  potential 
is  determined  frcm  the  positive  ion  sensor  where  the  thermal  ions  arrive  at 
the  vehicle  with  average  energies  equal  to  their  thernal  energy  plus  tiiat  im- 
f:arted  by  the  energy  equivalent  of  the  spacecraft  potential. 

The  electrical  configuration  of  the  sen.sors  is  shown  in  Figure  6. 

Using  ground  cemrends  A,  B,  and  C,  the  bocm  and  surface  mounted  sensors  can 
be  operated  in  a large  number  of  ion  or  electron  modes.  Ccnnands  D,  E,  F, 
and  G select  eight  (8)  aperture-bias  levels  ranging  frcm  -50  V to  +50  V. 
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4.1  SC6-3  ELBCTRCNIC  CIRCUIT  EESCRIPTI^S 


The  system  Block  Diagram  (Figure  7)  shows  the  ma^or  eaqxirinient  ccnpo- 
nents  in  .iddition  to  specific  circuits  developed  for  the  main  electronics 
package  SC6-3.  The  following  paragraphs  provide  a brief  description  of 
these  circuits  and  their  relationship  to  one  another. 

4.2  EL£CTRCMETT:RS 

The  linear  range  switching  electroneters  (Figure  8)  are  current  to 
voltage  amplifiers  designed  to  have  an  output  of  0 to  5 V for  each  decade  of 
input  current.  Each  sensor's  electroneter  is  programned  to  measure  either  ions 
or  electrcais.  The  electrcmeter  uses  a MOSFET  operational  amplifier  at  the  in- 

_1  *5  •Q 

put  to  measure  feur  decades  of  current  over  the  range  10  to  10  A.  As  the 
output  voltage  approaches  0 or  5 V,  the  electrcnoter  is  autcxnatically  switched 
into  the  next  current  range.  Internal  calibration  signals  are  applied  to  the 
electrcmeter  input  in  each  range  approximately  once  every  hour. 

Because  extremely  high  values  of  feedback  resistors  (Rp)  are  necessary, 
the  electrcmeter  circruits  tend  to  be  temperature  dependent.  Therefore,  a 
separate  tenperature  monitor  (thermistor)  is  provided  for  each  electrcmeter. 
These  outputs  will  be  used  to  determine  in-flight  amplifier  characrteristics 
based  on  preflight  laboratory  terperature  calibrations  and  testing. 

To  achieve  the  varicxis  operation  modes  of  the  experiment,  several  fixed 
and  varying  voltage  signals  must  be  periodically  applied  to  the  elec ...cmeter 
cximon  and  sensor  elements.  To  do  this,  the  electrcmeter  cxitmon  must  be 
elecrtric:ally  floating  with  respect  to  the  system  cxxntion  or  spacecraft  ground. 
Since  the  electrcmeter  output  voltage  is  cxxnsecjuently  "riding  can"  the  varying 
signals  being  applied  to  the  electrcmeter  exarmon,  a level  shifter  circxiit 
must  be  atployed  to  reference  the  0-5  V output  signal  to  system  cxrmon. 

4.3  LEVEI.  SHIFTERS 

Each  level  shifter  circuit  is  a differential  operational  amplifier  vhich 
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SURFACE  SENSOR 


ntvjsurcs  Ut'  dit fureJicx;  thu  olc'ctrcrt.'tei  conxiKjr.  ,ind  tixj  clecLrrmuter 


(xittnjt.  Tiio  ek-ct-rmotcr  cxirm-n  is  Eloitincj  witJi  resiiect  to  telcn»-try  "xanncjn. 

The  lewl  sliifting  is  acluevixl  by  dividiiyj  Uie  eltxrtirameter  .'xjuron  anci 
the  oloctrcim'ti'r  cut(.>ut  seixiratoly  by  10,  usinq  the  resistor  divider  networks 
as  sum:)  in  Mq-nre  9.  Since  thi.'  bias  jiotentials  on  the  electrcineter  may  ix' 
as  Idgh  as  120  this  division  is  necess.iry  to  reduce  these  levels  to  with- 
in the  nvaxKTiLDn  ofieratinq  range  of  the  o;*u'atior,ai  amjjlifiers.  Tlie  reduced 
o^itiAit  levels  are  then  impedance  matchec  through  the  voltage  folbxer  cir- 
cuits Lg  and  U2  ‘ind  a{ipl  ied  to  the  input  of  the  differential  o^xirational 
.ntplifiar  U^'  which  anplifies  tlx  diffeience  of  the  tv/"i  signals  by  10.  Lor:at- 
ed  Ixtween  L’2,  and  U3  is  a switching  arrangarvent  to  adjust  for  fxiiarity 
differences  between  ion  and  electron  signals.  The  outfiut  of  U3,  wtiich  is 
referenc'od  to  circuit  exxmon,  is  sent  to  the  ^lacecraft  data  trananittal  sys- 
tem <arr.  to  the  autcmatic  range-switching  circuit. 

4.4  AirrCM/iTIC  HANQi-SWITaiING  CIFOJITS 

Toe  txitjjut  of  the  level  shifter  is  connected  tr.  a ccir^iarator  circuit 
wh  ich  ^xniTkinds  the  ra.nge-switch  circuit  (Figure  10)  to  either  step  the  elec- 
trrjneter  up  or  d'wn  into  a new  sensitivity  range.  Tlus  happens  whenever  tlie 
level  sinfter  rxit^iut  sifjnal  goes  below  350  mV  or  above  5.0  V. 

The  ujVdcwn  ccrttanti  line  has  a 400  msec  delay  network  to  filter  out  noise. 
After  a positive  eaxmanti  has  been  establishexi , an  up/down  counter  is  advanced 
by  one  crxirit.  The  counter  has  a Binary  Coded  Decimal  (BCD)  output  which  is 
deorxiod  to  cjperate  reed  relays  in  the  electrcmeter . Those  relays  are  in  tlxj 
resistor  feetJ-hack  loop  and  control  tJie  current  to  vc:>ltage  relationslup.  Tlie 
BCD  out[»jt.s  are  also  us<id  to  control  the  range  monitor  output  voltage  levels. 
The  up/down  counter  i.s  piriodically  j.urried  with  a code  for  controlling  ttx* 
calibration  of  tlie  electrcmeter.  During  this  mode,  tlie  range-switch  circuit 
IS  inhiluted. 
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Figui'e  10.  SCA'IWi  autcirntic  range- swatchirirj  circuit. 


4.5  STEP  GENERATOR 


T\jd  stop  gtinoxators  (ion  dnti  olocLron)  .iro  useii  for  stoii{iui<]  Uk*  sensor 
grid  elements  and  the  eloctrcmeter  floating  ccninon.  Cne  generator  is  a[>- 
plied  in  tht?  electron  modes  and  the  other  generator  is  applied  in  the  ion  modes. 

4.6  TIMING  AND  CXITTROL  CIRCUITS 

Timing  of  tlie  system  program  is  clocked  from  a spacecraft-provided  1-Hz 
pulse.  The  system  program  cycle  is  approximately  1 hour  long.  The  cycle  is 
achieved  by  using  a 12-stage  counter  and  a diode  matrix  as  shown  in  Figure 
11.  The  decoded  lines  from  the  matrix  are  used  for  controlling  the  electro- 
meter calibration  sequence  and  sweep  periods.  The  system  timed  sequence  of 
events  is  shewn  in  Figure  12. 

4 . 7 TELEMETRY  OJrPIfTS 

The  experiment  data  output  linos  are  listed  in  Table  2.  Each  output  is 
fed  to  a telemetry  system  consisting  of  an  8-bit  Analog/Digital  converter  and 
a Pulse  Coded  Modulation  (PCM)  encoder. 
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CAL  CYCLE  - internal  ELECTROMETER  CALlB>AT;Oi  ON  EACH  Of  THE  fOUR  RANGES 
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STEP  GENERATOR  CYCLE  - i3STEPS(l6«c  EACH)  REPtATING  EVERY  5l2  i*c 
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Figure  12.  SCATOA  systan  timed  sequence  of  events 
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TabU~‘  2.  SOVniA  >.Xitput  Linor^ . 


TM  Output  Doscri[jtion 

Type 

Bandwidth  or 
Sample  Rate 

Bits/sec 

‘Current  Sensor  lA 

Analcxj 

8/sec 

64 

*Ranqe/Cal  Sensor  iA 

Analog 

8/sec 

64 

‘Current  Sensor  IR 

Analog 

8/sec 

64 

‘Ranqe/Cal  Sensor  IR 

Analog 

8/sec 

64 

‘Qirrent  Sensor  2 

Analog 

8/sec 

64 

‘Ranqe/Cal  Sensor  2 

Analog 

8/sec 

64 

‘Step  Monitor 

Analog 

8/sec 

64 

Event  Monitor 

Analog 

2/sec 

16 

Temp  Monitor  LA 

Analog 

0.062 5/ sec 

0.5 

Tanp  Monitor  IR 

Analog 

0. 0625/sec 

0.5 

Tatip  Monitor  2 

Analog 

0.0625/sec 

0.5 

Bias  Monitor 

Analog 

0.0625/sec 

0.5 

*1^1636  output  words  to  be  contiguous  in  the  telanetry  format. 
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Figure  7. 

SCATHA 

SC6  thermal  electron/ion  measuronent  experiment. 
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C1173 

SCATHA  schai\atic_,  electroneters 
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Figure 

9. 

SCATHA 

level  shifter  circuit. 
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Figure 

10. 

SCATHA 

autonatic  range-switching  circuit. 
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Figure  11. 

C1161  SCATHA  Schanatic^  Timer 
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SCATHA 
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ANALYSIS  OF  PLASMA  AND  FIELD  MEASUREMENTS 
ABOARD  THE  INJUN  5,  S3-2  AND  S3-3  SATELLITES 


WILLIAM  J.  BURKE 
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1.  TOTraXlTION 

iliis  note  is  sulmittixi  as  a final  report  on  work  accomjjiished  by 
Dr.  William  J.  Burke  between  1 September  1975  and  30  AjJril  1977.  The 
bulk  of  the  work  concerns  the  analysis  of  plasma  and  field  measurcanents 
by  Aar  Force  exi^eriments  aboard  the  Injun  5,  S3-2  .riKi  S3-3  satellites. 
The  purpose  of  these  analyses  is  to  increase  our  understandinq  of  physi- 
cal processes  in  the  topside  ionosphere  and  to  develop  suitable  instra- 
mentation  for  measuring  low  enerejy  plasms  found  at  up  to  7 earth  radii 
(Bg).  Using  expertise  develofjod  in  tlie  fields  of  keV  particle  measure- 
ments, theoretical  magnetospheric  physics  ami  microwave  remote  sensing, 
prior  to  joining  the  .Regis  Collmje  Research  Center,  I have  spent  approxi 
mtely  five  ^Xircent  of  my  time  consulting,  on  an  informal  basis,  with 
Air  Force  scientists  in  the  Geomagnetism  and  C^tical  Physics  branches 
of  AFGL.  The  purfiose  of  these  consultations  is  to  develop  more  inte- 
grated systems  for  the  detection  of  particles  and  fields  using  instru- 
mentation aboard  Air  Force  satellites.  Work  concerned  with  each  of  the 
above  described  endeavors  is  outlined  below. 

2.  INJUN  5 DATA  I3EDUCTICW  AND  ANAI.YSIS 

The  first  three  months  of  my  work  was  given  to  doing  rather  funda 
mental  library  research  concerning  the  theory  of  Lamjmuir  probes,  and 
familiarizing  myself  with  previously  reported  measurements  from  the  top- 
side ionosphere.  Between  December  1975  and  April  1976,  I began  an  in- 
depth  re-evaluation  of  the  state  of  Injun  5 data  reduction.  Several 
s<2rious  errors,  introduced  by  an  unsuspected  spurious  grouml  comand, 
ware  detected.  Several  months  were  spent  in  rewi iting  Injun  5 data 
reduction  prexjrams,  done  largely  by  S.  C.  Bredesen  of  AFGL.  With  these 
modifications,  scientific  analysis  bof^aa 
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The  cxDrrecteci  Injun  5 ciata  were  used  in  four  major  and  two  subsidiar/ 
studies.  These  include: 

(1)  The  interaction  between  pxalar  cap  and  auroral  zone  precipitating 
iiarticles  and  the  topside  ionospheric  plasma. 

(2)  The  effects  of  precipitation  on  the  electric  potential  of  a 
satellite  near  2500  km. 

(3)  Direct  measurements  of  the  heating  effects  of  energetic  photo- 
electrons fron  the  conjugate  ionosphere  or  the  nighttime  top- 
s ide  ionosf^ere . 

(4)  Direct  observations  of  plasma  erosions  from  the  topside  iono- 
sphere during  an  intense  geonagnetic  storm. 

(5)  A theoretical  analysis  of  the  response  of  a gridded  spherical 
electrostatic  probe  (similar  to  that  of  Injun  5)  to  anisotropic 
or  non-Maxwe Ilian  plasmas. 

(6)  The  effects  of  secondary  electron  emissions  on  measurements  by 
Injun  5 electrostatic  analyzers. 

The  first  tvvo  studies  involved  a oemparison  of  simultaneous  obser- 
vations by  AFX3L  !(>/  energy  plasna  detectors  and  those  of  the  University  of 
Iowa  LEPEDEA  ej<periment  aboard  Injun  5.  A preliminary  version  of  the  first 
studv’  was  presented  at  the  April  1,  1976,  meeting  of  the  American  Geophysical 
Union.  A more  detailed  study  has  been  accepted  for  publication  in  the  Jour- 
nal of  Gec^hysical  Research  (JGR)  in  1977.  (Cf.  References  1 and  6.)  The 
second  study  was  presented  at  the  Spacecraft  Charging  and  Technology  Confer- 
ence sponsoreeJ  by  the  Air  Force  and  NASA.  A paper  based  on  this  report  has 
been  published  in  the  Proceeding! of  the  conference.  (Cf.  Reference  4.) 

rxie  to  the  tilt  of  the  earth's  axis  with  respect  to  the  ecliptic 
plane  and  the  offset  between  the  geographic  and  geomagnetic  poles, 
energy  is  exhanged  between  conjugate  hemispheres.  At  the  time  of  the 
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winter  solstice,  tht'  southern  ionosphere  is  most  illuminated  by  the  solar 
flux.  It  is  possible  for  a jxaint  in  the  southern  hemisphere  to  be  in 
sunliqht  and  its  conjugate  point  in  the  northern  ionosphere  to  bt>  in  dark- 
ness. Energetic  photoelectrons  generated  above  250  km  in  the  southern 
ionosphere  have  mean  free  {jaths  greater  than  the  lonosj^heric  scale  height 
and  can  escapee  along  magnetic  field  lines  to  provide  energy  for  the  night- 
time conjugate  point.  In  Figure  1,  we  have  plotted  contours  of  constant 
solar  zenith  angle  at  300  km  in  the  conjugate  ionosphere  for  given  northern 
magnetic  latitudes  as  functions  of  geographic  longitude.  The  calculations 
assume  that  the  longitude  in  question  is  at  local  midnight  near  the  tirie 
of  the  winter  solstice.  These  contours  shew  that  the  deepest  (in  latitude) 
penetration  of  conjugate  photoelectrons  occurs  over  the  western  Atlantic- 
central  North  American  longitude  section.  No  conjugate  photoelectrons 
should  be  observed  in  the  Asian  longitude  sector.  Because  there  is  a 
heat  source  available  to  north  American  but  ndt Asian  mid- latitudes,  the 
ionospheric  scale  heights  measured  over  the  United  States  will  be  greater 
than  those  found  over  the  U.  S.  S.  R.  An  exanple  of  the  heating  effects 
of  conjugate  photoelectrons  is  given  in  Figure  2,  where  we  have  plotted 
the  electron  terrperatures  (Tg)  and  densities  observed  by  Injun  5 during 
quiet  time  passes  over  central  Siberia  (orbit  #1325)  and  over  the  western 
part  of  the  United  States  (#1331) . The  satellite  was  at  2500  km  in  both 
instances.  High  electron  tenperatures  are  found  in  the  trough  in  both  the 
eastern  and  western  hemispheres.  Equatorward  of  the  trough,  Tg  drops  to 
about  2300  °K  over  Siberia,  but  maintains  a value  = 4000  over  the  United 
States  until  the  conjugate  solar  zenith  angle  becemes  greater  than  105°. 

For  higher  conjugate  solar  zenith  angles  on  #1331,  Tg  falls  to  a value 
crr^jarable  to  that  found  at  sub- trough  latitudes  on  #1325.  A preliminary 
report  on  this  study  was  presented  orally  at  the  International  Symposium 
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REV  (325 


REV  1331 


CONJ.  SOLAR  ZEN  ANGLE 


Ficjuro  2.  Klcctron  densities  and  tcm{x?ratures  observed  near  2500  km  during 
Injun  5 orbits  «1325  {over  Central  Asia)  and  #1331  (over  Central  North  America) 
as  functions  of  invariant  latitude  (A)  and  conjugate  solar  zenith  angle.  The 
altitude,  longitude  and  local  time  of  the  satellite  at  A = 6(P  ^lrc  indicated. 


on  Solar-Tt'rrestr  ial  Physics  (Boulder,  ODlorado,  June’  197G)  . A mon  • do- 
tailcKi  study  will  Ix’  presontoil  at  the  ^977  Sprin<)  Annual  Mc?e>t  in<)  of  thc' 
AiH’.  A wi  itton  voi-sion  Ivis  Ixxin  suirutted  for  [JublicaLion  in  the  Jourml 
of  Geophysical  Research.  (Cf.  Rtiferences  i,  9 ami  11.) 

When  Dr.  h.  Rao  was  leavincj  tiic  Research  Cent:or  in  the  fall  of  1976, 
the  suqqestion  was  matie  tiiat  I finish  her  work  on  the  major  magnetic  storm 
of  29  October  - 6 Novt^nber  1968.  Injun  5 was  in  the  late  evening  local 
time  sector  and  had  fairly  good  coverage  of  the  storm.  Of  [jarticular 
interest  to  the  scientists  modelling  thc  topside  ionosphere  is  the  iono- 
spheric resjxanse  to  prolonged  geonvicjnetic  activity.  Tlie  history'  of 
the  storm  is  outlineii  in  Ficjurc  3.  Times  of  Injun  9 orbits  and  observed 
SAR  activity  are  indicated.  Tlie  electron  densities  obserx/ed  at  invariant 
latitale  (•)  of  60°,  55°,  . . .,  40°  as  functions  of  universal  time  (UT) 
thro’jq.hout  th(>  storm  an*  given  in  Figure  4.  Orbits  #991  and  #992  occurred 
ast  prior  to  thc  storm's  sudden  corrmencement  ami  provide  the  quiet  time 
lonosptx'ric  base.  7U.1  data  were  taken  in  the  altitude  range  2000  _ h _ 
2400  km  over  the  North  American  longitude  sector.  We  note  that  whertias 
the  density  at  60°  am:  55°  irrmediately  respomled  by  decreasing  densities, 
the  density  roraiined  unaffected  for  several  days  belcw  these  latitudes. 

We  note  that  by  the  fourth  day  of  the  storm,  density  erosion  occurrou 
even  at  A = 40°  , This  observation  im{jlies  that  the  n\agnetospheric  elec- 
tric field  Wis  able  to  jxinetrate  tlirough  the  reporttxl  position  ol  tin.' 
pla£3Tapxiuse  during  the  storm.  A detailed  study  of  the  Injun  5 ob.seiAM- 
tions  has  been  sulraitted  for  publication  in  the  Journal  of  Geophysical 
ftesearch.  (Cf.  Reference  7.) 

The  the<jretical  study  on  thc  response  of  gridded  spherical  electro- 
static probes  to  non-Maxwe Ilian  plasmas  was  motivated  by  the  knowledge 
that  frequently  distributions  found  above  the  ionospihere  have  "student-t" 
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rather  than  gaussian  shajies.  This  study  shcwc?d  that  with  Injun  5 type 
instrunientation  it  is  not  possiljle  to  use  current  vs.  applied  grid  volt- 
age curves  to  distintjuish  the  two  type  distributions.  It  was  shewn  tliat 
mistaking  a "student-t"  distril)ution  for  a gau.ssian  led  to  an  overestimate 
of  the  electron  density  and  mean  thermal  energy.  The  instrumentation 
planned  for  SCATHA,  hewever,  should  he  capable  of  distinguishing  the  two 
type  distributions  if  the  signals  are  above  the  anfjlifier's  level  of 
sensitivity.  Such  conditions  should  be  met  when  SCATH/'i  is  ijiside  tlie 
plasmasphere . 

During  September  1976,  R.  C.  Sagalyn  of  AFGL  received  a first  draft 
of  a paper  on  Injun  5 observations  from  the  Max  Plank  Institut  fur 
Aeroncmie  for  cement  and  review.  Since  the  work  substantively  over- 
i lapped  what  I was  doing,  she  suggested  that  we  undertake  a collaborative 

endeavor.  As  a result,  one  and  one-half  months  were  spent  analyzing  the 
Injun  5 data  referred  to  eind  studying  the  effects  of  secondary  electron 
emissions  frem  the  Injun  5 instruments.  A first  draft  of  an  internal 
report  on  secondary  emissions  was  crcfH)letGd  and  a de^tailed  criticpie  of 
the  WT)rk  of  the  German  scientists  was  retumexl  to  them  It  is  likeily 
I that  within  a year's  time,  a publisliable  report  will  cxxne  out  of  this 

work.  We-  also  believe  that  the  time  spent  learning  the  theory  of  sejc- 
CHidary  electron  emissions  will  pay  rich  dividends  during  the  analysis 
of  SCATH/\  data. 

A revie^w  of  my  work  on  Injun  5 data  was  presented  as  an  AFGL/PH 
seminar  on  13  January  1977  for  the  benefit  of  Air  Forex;  scientists. 

( (Cf.  Reference  13.) 
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3.  S3-2  /W'D  S3- 3 


It  was  understooci  tiiat  duriru)  the  {x?ricxl  of  Injun  5 aI^alysis,  I 
\^ould  also  be  available  for  consultation  ana  some  aruilysis  of  S3-2  an:i 
S3-3  data.  Before  br.  F.  J.  Rich  joined  the  qroup  and  ass'unuxl  control 
of  the  plasiTk.!  flow  data  .analysis,  1 spent  approxrnately  one  nan-montli 
assisting  Dr.  P.  Wildman  of  AFGL  in  the  preliminary  stages  of  S3-2  data 
reduction.  I have  also  sixint  time  as  a consultant  to  Dr.  M.  Smiddy  of 
AFGL  on  the  analysis  of  data  from  the  S3-2  electric  field  experiment. 

VVe  have  finished  the  .analysis  of  a macjnetic  storm  during  May,  1976  when 
intense  electric  fields  wc,>re  observed  at  the  plaanaijause  and  at  tt>^  t ime 
and  place  of  .an  observed  SAR  arc.  Tliis  research  will  be  presented  at  the 
1977  spring  annual  meeting  of  the  AGU.  A detailed  rejxirt  will  be  sub- 
mitted to  Cieophysics  Research  Letters  for  publication.  Further  analyses 
of  the  mgnetic  storm  electric  field  observations  of  S3-2  are  planned  for 
the  sunmer  of  1977.  (Cf.  References  10  and  12.) 

4.  OTHER  AIR  TORCE  P£IATED  ACTIVITIES 

An  informal  relationship  has  been  established  between  myself  and 
Lt.  D.  Hardy  (USAF)  of  the  Geomagneti.sm  Branch  of  AI-TIL.  Both  of  us  have 
prior  experience  analyzing  plasma  data  observed  by  means  of  ;^x)l lo  instru- 
ments on  the  surface  of  the  moon.  A preliminary  study  entitled  "Pla53Tia 
.Mantle  Observations  at  60  Rp"  is  in  the  final  stages  for  submission  to  the 
Journal  of  Geophysical  Research  for  publication.  Further  studies  of  obser'- 
vations  in  the  high  latitude  lobes  of  the  geomatjnetic  tail  will  bo  under- 
taken. We  have  found  evidence,  based  on  spectral  characteristics,  that  the 
tenuous  plasma  observed  at  the  Moon  is  the  same  as  that  bcmbarding  the 
polar  cap  ionosphere.  This  would  provide  a direct  link  between  the  distant 
maqnetotail  .and  the  [x>lar  cap  iono.sphere.  It  woukl  also  provide  a direct 
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measure  of  the  enerqy  available  to  nuintain  tl\e  night-time  jxjlar  cap  iono- 
sphere. (Cf.  Reference  14.) 

Before  coming  to  the  Research  Center,  I was  a Natioml  Research  Council 
P’ollow  at  Johnson  Space  Center  studying  the  effcicts  of  soil  moisture  on  the 
micrcwave  cirussions  of  natural  terrains.  C)n  this  Ivr'is,  1 tiave  ostabiislioi 
an  informal  consulting  relationship  with  V.  I’alaine  of  the  Ojitical  Physics 
Division.  Instruments  similar  to  those  with  which  I Ikive  worked  on  NASA  air- 
craft are  to  be  flown  on  Air  Force  DMSP  satellites.  (Xir  aim  has  been  to 
make  the  best  use  of  NASA  ex-perimental  results  for  the  develojinent  of  inter- 
pretative algorithms  for  future  Air  Force  riassive  microwave  data.  Since 
coming  to  Regis  College,  I have  on  my  own  time,  contributed  to  the  NP'iSA 
technical  note  on  microwave  remote  sensing.  Another  article  on  the  same 
subject  has  been  sutmitted  for  publication  in  the  Journal  of  Geophysical  Re- 
search. (Cf.  References  2 and  8.) 
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5.  REPORTS  /^^ID  PAPERS 


This  section  contains  a list  of  oral  reports  and  written  [>a{x?rs.  The 

abstracts  of  the  rcfxirts  are  in  section  II 1-6. 

1.  Burke,  W.  d.,  R.  C.  Sayal^n,  D.  D.  DuLonq:  Injun  5 observations  of  low 

energy/  electrons  in  the  evening  sector  topside  ionosphere,  lirans.  /jrier. 
Geophys . L . , 5J7,  307,  1976. 

2.  Schmugge,  T.  J.,  B.  J.  Blanchard,  W.  J.  Burke,  J.  F.  Paris  and  J.  R 
Whng:  Results  of  soil  moisture  flights  during  April  1974,  NASA  Te?ch- 
nical  Note  D 8199,  1976. 

3.  Burke,  W.  J.,  M.  Kanal  and  R.  C.  Sagalyn:  On  the  heating  of  piastre 

trough  electrons,  presented  at  the  International  Synposium  on  Solar- 
Terrestrial  Physics,  Boulder,  Colorado,  June  7-18,  1976. 

4.  Sagalvn,  R.  C.  and  W.  J.  Burke:  Injun  5 observations  of  vehicle  poten- 

tial fluctuations  at  2500  km,  Proc.  Spacecraft  Charging  Technology 
Conference,  ed.  C.  P.  Pike  and  R.  R.  Lovell,  AFGL-TR-77-0051,  USAF 
/academy,  Colorado  Springs,  Colorado,  October  27  - 29,  1976. 

5.  Burke,  W.  J.:  A model  for  inverted-V  precipitation  originating  in  the 
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‘ b.  RU’ERfcJJaD  ABS'l’RAtTS 

1.  INJUN-5  OBSKIA/ATKINS  OF  lOW  FNERIi’  HLtX'THONS  IN  'HIE  LVENINT,  SECnX)H 
TOPSIDE  lONCXSPHERE 

The  5X)lar  orbitinq  In]un-5  satellite  is  ecjuipijod  witli  two 
spherical  electrostatic  analyzers  measuring  currents  produced  by 
thennal  and  hypertherma]  electrons  and  ions  with  energies  in 
excess  of  28  eV.  t'fc  rofXDrt  on  observations  rtHde  by  these  instru- 
ments over  the  altitiKle  range  2000-3000  km  near  20:00  LT.  The 
current  characteristics  observed  in  the  quiet  time  i»lar  cap 
region  show  consistent  electron  densities  and  tem^xiratures  of 
~ 1000  an~^  and  2000  °K.  Auroral  zone  observations  are  reported 
in  conjunction  with  the  Icwa  State  LEPEDEA  E-t  spectrograms  to 
I identify  "inverted  V"  signatures  and  the  effects  of  precipitation. 

These  effects  include:  (1)  The  production  of  ionospheric  density 

and  thermal  irregularities  and  (2)  rapid  variations  in  the  space- 
craft [X)tential.  The  equatorial  bound£ury  of  the  precipitation 
region  is  marked  by  a plastia  with  two  distinct  thermal  electron 
I {xjpulations.  These  relax  to  a single  Maxwellian  distribution 

I at  lower  latitudes. 

2.  RESULTS  OF  SOIL  MOISTURE  FLIGIfTS  DURING  APRIL  1974 

The  results  presented  here  arc  derived  frcm  measurements  made 
during  the  April  5 and  6,  1974  flights  of  the  NASA  P-3A  aircraft 
I over  the  Phoenix,  Arizona  agricultural  test  site.  The  purpose 

; of  the  mission  was  to  study  the  use  of  microwave  techniques  for 

I the  remote  sensing  of  soil  moisture.  These  results  incbrj. 

infrared  (10-  to  12-vjm)  2.8-an  and  21-an  brightness  temperatures 
for  apf>roximately  90  bare  fields.  These  brightness  tenperatures 
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are  ocrt^kirod  witl.  surface  measvirerients  of  the  soil  moisture  made 
at  the  timL'  of  the  overflights.  'Ihese  data  indicate  tliat  tlie 
CGTilunation  of  the  sum  and  difference  of  the  vertically  and  the 
horizontally  [xilarized  brightness  tcimperaturos  yield  information 
on  both  the  soil  moisture  and  surface  roughness  conditions. 

3.  ON  THE  HEATING  OF  PlhSTlA  TROUGH  EIJiCTRDNS 
fAirrent  characteristics  of  a spherical  electrostatic  analyzer 
alxiard  the  {xilar  orbiting  Injun  5 satellite  have  been  used  to 
study  the  plasiia  profxirties  of  the  evening  sector  plasma  trough's 
txilcward  boundary  in  tlie  altitude  range  2000-2500  km.  It  is  found 
that  the  plasma  is  marked  by  two  distinct  electron  populations 
which  relax  to  a single  Maxwellian  distribution  at  lower  latitudes. 

A linear  regression  einalysis  of  the  tenperature  of  the  thermal 
portion  of  the  boundary  layer  electron  population  as  a function 
of  the  hourly  average  of  the  auroral  electro jet  (AE)  index  shows 
that 

Te  '■  4755  + 6.04  • AE 

j with  a correlation  coefficient  of  ~ .9.  These  observations  sug- 

j gest  that  the  trough  region  serves  as  a thermal  sink  for  heat 

I 

I deposited  m the  auroral  ionosphere  by  precipitating  magnetospheric 

j [jarticies.  The  relative  merits  of  various  heat  transport  mechanisms 

are  discussed. 

4.  INJUN  5 OBSERVATIONS  OF  VEHICLE  POm/TIAI.  FLUCItlATIONS  AT  2500  KM 

j The  AFGL  spherical  electrostatic  analyzers  aboard  the  polar  orbit- 

I ing  Injun  5 satellite  were  designed  to  measure  the  ten^rature  and 

I 

' density  of  the  plagna  as  well  as  the  vehicle  (jotential.  Signifi- 

cant vf'hicle  fjotential  fluctuations  have  boon  observed  at  altitudes 
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aoar  2500  km  u\  tiio  niqht-timo,  topside  ionosphere.  At  auroral  lati- 
tutles,  precipitatinq  nv3<jnetosphcric  electrons  frequently  drive  the 
satellite  to  such  stronqly  necjative  potentials  that  the  ambient 
electrons  are  shielded  from  our  instruments.  In  such  cases  simul- 
taneous mea-surements  by  the  lova  State  University  LiEPLDKA  ex^xiri- 
ment  can  bc’  used  to  calculate  the  vehicle  ^xitential . Potentials 
of  up  to  -40  voits  are  observed  during  in^iulsive  precipitation 
events.  Within  the  plasma  trough,  vehicle  jxatentials  vary  between 
-1.5  and  -4  volts,  as  cempared  with  the  -0.5  to  -1  volt  observed 
in  the  polar  cap.  The  source  of  this  vehicle  potential  enhance- 
ment IS  ascribed  to  fluxes  of  photoelectrons  that  have  escaped 
frem  the  sunlit  conjugate  ionosphere. 

A MODEL  FOR  INVERTED  V PRECIPITATION  ORIGINATING  IN  THE  MAGNETOSPHERE 
Simultaneous  observations  by  the  AFGL  spherical  electrostatic 
analyzer  and  the  University  of  Iowa  LEPEDEA  aboard  the  polar  or- 
biting In3un  5 satellite  suggest  a raagnetospheric  origin  for  evening 
sector  'inverted  V precipitation.  We  atti3i|Jt  to  syntliesize  these 
with  plaarTB  observations  in  the  distant  portions  of  tlx;  magneto- 
tail.  I'  maqnetospheric  model  is  presented  followmj  Vasyliunas' 
suggestion  that  at  great  distances  from  tlie  earth,  the  plasma 
sheet  is  bound  by  a slc^^  mode  wave  ananating  frem  the  merging 
region.  It  is  shown  that  if  the  earthward  flow  of  piaaiia  is  ob- 
structed by  a magnetic  bottle  in  the  neutral  sheet,  nuny  cpiali- 
tative  features  of  inverted  V structures  may  be  accounted  for. 

These  include;  (1)  A siiarp  high  latitude  turn  on  for  structured, 
field-aligned  precipitation;  (2)  a position  for  sane  structures 
poleward  of  the  high  energy  electron  ' trapping  boundary ' ; 
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(3)  in'oximity  to  a rovt'rsal  in  the  ionosphoric  electric  field; 
anti  (4)  hcm>]eni.x)un  precipitation  near  the  ixjuatorward  boundary. 

6.  INJUN  5 OBSl-JIVATIONS  OF  li  W I34EM3Y  PIV\sm  IN  m:  HIGU-lATITblDE  TOPSIDE 
IONOSPHERE 

The  tv<rj  Air  Force  Ocxjphv'sics  laboratory'  (AJ-X3L)  Icw-taiergy  spherical 
electrostatic  analyzers  abfvurd  Injun  5 havt;  provided  observations 
which  lire  use\3  on  conjunction  with  simultaneous  JjEPEDEA  observa- 
tions to  study  tlX!  energetic  and  ambient  thermal  plasmas  in  the 
evening  sector  topside  ionosphere.  Si'jnif leant  therrral  electron 
flux  enlianctanents  are  observcxl  in  the  vicinity  of  tlx>  inverted-V 
structures  which  could  be  due  to  eitlier  auroral  return  currents 
or  lonosplioric  scale-height  changes.  Enlianccd  hyixirtlx'riTal 
(E  ■ 28  eV)  fluxt?s  of  {xisitive  ions,  as  well  as  vehicle  [xitential 
modulations,  are  as  the  satellite  passes  Uirough  inverted  V events. 
At  2500  km.,  tlie  polar  cap  eloctroii  density,  temfxirature  <and  enertjy 
density  ’rtc?re  89  + 41  2234  + 480  and  16.2  + 5.3  eV/cm^, 

res{x?ctivol'’  Higher  energy'  densities  are  foimd  during  times  of 
maejnetic  disturlxuice.  Persistent  fluxes  of  hyperthermal  electrons 
arc  identified  witli  Uie  jxilar  rain  observed  with  Isis  2 experiments. 
Finally,  evidence  is  citcxl  for  the  existence  of  small  .scale  (20  kra) 
precipitation  events  at  or  ne^ir  the  ecyuatorward  boundary'  for 
auroral  electron  precipitation. 

7.  INJUN  5 LOW-raiERUY  PIASMA  OBSERVATIONS  DURING  A MAJOR  MACMITIC  STOFM 

Electron  densities  and  temperatures  as  well  as  the  omnidirectional 
flux  of  positive  ions  with  E > 28  eV  were  measured  by  the  spherical 
Langmuir  probes  aixiard  Injun  5 at  altitudes  greater  than  2000  km 
during  the  October-Novemoer  1968  geanagnetic  storm  period.  During 
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the  early  phases;  of  the  storm,  tlie  electron  density  in  the-  troucjh 
decreasexi  and  the  ten^Xirature  increased.  As  the  storm  progressed, 
the  position  of  tie  trough  moved  equatorward.  Plasma  erosion  was 
obsen-'ed  to  the  invariant  latitude  of  40°  during  the  early  recovery 
phase.  The  latitude  of  the  transition  botwet:>n  light  and  hea’yy 
ion  dcrunaiice  also  movcxl  equatorward,  but  recovercxl  at  a slower 
rate  than  the  position  of  the  electron  trough.  Most  of  the  hyper- 
thermal  ions  measured  near  the  trough  were  due  to  ring-current 
particles  reaching  to  the  satellite's  altitude.  The  minimum  elec- 
tron densities  an  the  trough  were  measured  to  be  within  1°  of  lati- 
tude of  the  maximum  ion  flux.  Ihe  maximum  electron  temperatures 
were  observed  several  degrees  equatorward  of  the  maximum  ion  flux. 
At  the  reported  time  and  latitude  of  an  SAR  arc,  an  electron 
temperature  of  about  4700  °K  was  observed,  whereas  in  the  absence 
of  the  ring-current,  a temperature  of  about  2000  °K  would  be 
expected.  The  observations  are  also  used  to  evaluate  a method  for 
calculating  the  position  of  ring  current  using  mgnetic  fluctua- 
tions observed  at  ground  level. 

DIRE3CT  OBSERVATIONS  OF  SOIL  MOISTURE  BY  MICI-iOWAVE  RADIOMEmUC  TECHNIQUES 
An  airborne  experiment  was  conducted  under  NASA  auspices  to  test 
the  feasibility  of  detecting  soil  moisture  by  microwave  remote 
sensing  techniques  over  agricultural  fields  near  Phoenix,  Ari^ona. 
at  midday  of  April  5,  1974,  and  at  dawn  of  the  fol lowing  day. 
Extensive  ground  data  were  obtained  fran  96  bare,  sixteen  hectar^ 
fields.  Observaticais  made  using  a scanning  (2.8  an)  and  a ncr.- 
scannifK/  (21  on)  radiemoter  were  cempared  with  the  predicti0.is  - : 
a radiative  transfer  emission  model.  It  is  shown  tnat; 
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(1)  The  emitted  intensity  of  toth  wavelengths  correlates 
best  with  the  near  surface  ntiisture. 

(2)  The  emitted  intensity  is  largely  inde{jendent  of  tiie 
surface  rouc^hness,  while  the  dtxjree  of  ixilarization  is 
greatly  affected. 

(3)  The  slope  of  tiie  intensity-mc;isture  curves  decreases  in 
going  from  dciy  to  dawn. 

(4)  Increased  near  surface  moisture  at  dawn  is  ciiaracterized 
by  increased  fxiliirization  of  emissions. 

The  results  of  the  experiment  indicate  that  micrewave  techniques 
can  be  used  to  observe  the  history  of  the  near  surface  moisture. 
The  subsurface  history  must  be  inferred  frem  soil  physics  models 
which  'use  nucrewave  results  as  boundary  conditions. 

9.  DIREX7T  OBSERVATiaJS  OF  CONJUGATE  PiiOrOEIJ3CTRON  HEATING  IK  'HE  WIMTER, 
NIGHT-SinE  IONOSPHERE 

Vk'  rejjort  on  observations  from  the  Injun  5 lamjmuir  probe  exjieri- 
ment,  of  tliermal  the  hy{jerthermal  electron  Quxt's  in  tiie  midnight 
s€x:tor  of  the  northern  winter  ionosphere  at  altitudes  betwi'en 
2500  and  1000  km.  It  is  found  tliat  the  hypertliemvil  fluxes  ob- 
served at  mid-latitudes , with  energies  greater  tiian  2 eV,  result 
frem  photoelectrons  that  have  escaped  from  the  sunlit  soutliem 
hemisphere.  Due  to  the  offset  betwtnin  the  geotjraphic  and  geemag- 
netic  [xiles  tlK'se  plioto.'lectrfins  are  observeii  along  orbits  over 
tiie  Atlantic  Ocean  and  Nortii  America  ixit  not  over  Asia.  At  alti- 
tudes .above  1000  km  the  hicjhest  electron  titr^ieratures  are  gener- 
ally observtxi  in  the  trough  at  all  longitudes.  lijuatorward  of 
the  trough,  iicwcver,  electron  temjierature  distributions  are 
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functions  of  longitude.  In  regions  of  the  topside  ionosphere  to 
'^ich  conjugate  photoelectrons  have  acct^ss,  the  electron  tianxirature 
is  4200  ^ for  altitudes  between  2200  and  2500  km  and  is 
3000  for  altitixies  Ix-'tween  1000  and  1200  km.  In  mid-latitude 
recjions  to  which  conjucjate  photoelectrons  do  not  have  access,  the 
electron  ten^xiraturo  is  ^ 2300  °K  over  the  entire  altitude  range. 

10.  SUB-AUPORAI,  ELECTRIC  FIKU)  OBSERVATIONS  DURING  A MAGNETIC  STORM 

Electric  field  observations  from  a two  axis  dijxile  system  flown 
on  the  polar  orbiting,  spin  stabilized,  Mr  Force  satellite  S3-2 
reveal  the  existence  of  intense  local  electric  fields  {jeigjendic- 
ular  to  the  magnetic  field  equatorward  of  the  auroral  oval.  The 
events  were  detected  in  the  evening  sector  near  the  ionospheric 
projection  of  the  plasmapause  during  the  magnetic  storm  of  1 - 3 
May  1976.  In  one  exanfile,  which  we  believe  to  be  the  largest 
electric  field  over  observed  at  low  altitudes,  the  field  was 
280  mv/m,  directed  toward  ma<inetic  noirth  at  an  altitude  of  1460 
km  with  a hundred  kilometer  latitudinal  extent.  Those  observa- 
tions together  with  simultaneous  ion  drift  and  maejnetic  field 
measurements  are  used  to  deduce  the  local  ionospheric  current 
s-ystem. 

11.  TKEPMAL  AND  HYPEITIEPMAL  EIECTRON  DISTRIBUTIONS  IN  THE  MIDNIGHT  SECTOR 
OF  TOL  WINTER  TOPSIDE  IONOSPHERE 

A gridded  spherical  electrostatic  analyzer  aboard  Injun  5 has  been 
used  to  measure  fluxes  of  thermal  and  hyperthermal  electrons  at 
sub-auroral  altitudes  in  the  midnight  sector  of  the  northern  iono- 
sphere between  altitudes  of  2500  and  850  km.  Hy|)erthermal  fluxes, 
consi.scing  of  energetic  [ihotoelectrons  that  have  escaped  fron  the 
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sunlit  southern  hemisphere  are  observeci  alonq  orbits  over  the 
Atlantic  Ocean  and  North  Anx^rica  but  not  over  Asia.  'I’lx'  electron 
temperatures  near  2500  km  have  their  highest  values  at  trough  for 
all  longitudes.  In  the  longitude  sector  to  which  conjugate  photo- 
electrons have  access,  4000  °K  at  2500  km  and  ~ 3000  °K  at 

1000  km.  For  regions  with  the  conjugate  point  in  darkness  Tg 
- 2300  °K  over  the  1000-2500  km  altitude  range.  Effective  spectral 
characteristics  of  the  photoelectrons  are  studied  as  functions  of 
latitude  6ind  altitude.  Based  on  these  observations,  it  is  con- 
cluded that:  (1)  Conjugate  photoelectrons  are  not  the  major 

contributors  to  trough  heating;  (2)  Heat  conduction  rather  than 
local  heating  by  conjugate  photoelectrons  is  resfxansible  for  elec- 
tron tfcTiperature  distributions  observed  in  regions  witli  sunlit 
conjugate  points. 

12.  HTTENSE  POL£>lARD-DIRECrED  ELECTRIC  FIELDS  N'EAR  THE  IONOSPHERIC  PROJEC- 
TION OF  THE  PLASMAPAUSE 

The  dc  electric  field  experiment  on  the  Air  Force  satellite  S3-2 
has  occasionally  detected  intense  localized  electric  fields  near 
the  ionosphere  projection  of  the  plasmapause.  The  field  was  pole- 
w'ard  in  the  premidnight  local  time  sector,  seemed  to  be  related  to 
substorm  activity  and  ofttimes  exceeded  100  mV/m.  A possible  source 
IS  f leld-al icjnod  currents  as.sociated  with  freshly  injected  plasma 
‘jeneratfxi  in  Utc  substorm  process  near  magnt^tic  midnight. 

. I.NJIW  5 liJW  ENERGY  PLASMA  OBSERVATIONS  IN  THi:  V/INnER  lOIOSPHERE  ^ 

The  tWD  AITg,  spherical  analyzers  (SIA)  aboard  the  {x>lar  orbiting 
I.'i  jun  5 satellite  were  desicjned  to  measure  the  terr^Derature  ^md 
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density  of  thermal  electrons,  the  cmnidirectional  flux  of  ions  with 
enerqies  greater  than  28  eV  and  the  satellite  potential.  We  pre- 
sent a rather  broad  overview  of  observations  taken  frcm  the  late 
eveniiig-inidnight  sector  near  the  winter  solstices  of  1968  and 
1969.  Itopics  of  particular  interest  include: 

1.  Spacecraft  potential  fluctuations  during  intense  precip- 
itation events. 

2.  Direct  observations  of  the  degree  of  ionospheric  heating 
due  to  conjugate  photoelectrons. 

3.  Using  the  secondary  emissive  properties  of  the  instru- 
ment's materials  as  rough  estimators  of  the  mean  atonic 
mass. 

PLASMA  MAira£  OBSERVATIONS  AT  60  % 

From  cin  cinalysis  of  particle  and  field  data  taken  during  a major 
magnetic  storm,  we  have  determined  several  important  features  of 
the  particle  populations  observexi  at  lunar  distance.  First,  by 
analysis  of  the  time  delay  between  the  onset  of  the  storm  with 
the  associated  tail  ccnpression,  and  the  observation  of  variation 
in  the  characteristics  of  the  plasna  mantle,  we  have  inferred  a 
near-earth  source  for  these  particles,  most  likely  the  cusp. 

Second,  the  electrons  in  the  plasma  mantle  display  a "core"  and 
"halo"  as  do  the  solar  wind  and  magnetosheath  electrons,  implying 
a solar  wind  source  for  the  mantle.  Third,  the  storm  produces 
rrejor  changes  in  the  plaana  sheet.  Prior  to  the  storm  onset, 
the  plasma  sheet  is  static  with  ion  temperatures  from  KT^^  ~ 150 
to  400  eV. 
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Figure  4 


Contours  of  constant  conjugate  solar  zenith  angle 
at  300  km  for  given  geomagnetic  latitude  as  func- 
tions of  geographic  longitude.  Calculations  were 
ruade  assuming  that  the  meridian  in  question  was 
near  local  midnight  at  the  time  of  the  wint.er 
solstice. 

Electron  densities  and  temperatures  obseived  near 
2500  km  during  Injun  5 orbits  #1325  (over  Central 
Asia)  and  #1331  (over  Central  North  America)  as 
functions  of  invariant  latitude  (A)  and  conjugate 
solar  zenith  angle.  The  altitude,  longitude  and 
local  time  of  the  satellite  at  A = 60*^  are 
indicated . 

The  Dg^.  history  of  the  October-November  1968  geo- 
magnetic storm.  Injun  5 orbits  frem  which  we  have 
data  are  marked. 

Electron  densities  observed  at  various  invariant 
latitixies  by  Injun  5 as  functions  of  universal  time 
tiirough  the  Octolxir-Novcanber  1968  geonat/netic  storm. 
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1.  THE  POLAR  WIND  EIXPERIMENiT  is  an  array  of  four  planar  ion  sensors  set  to 
obser\'e  tJie  flux  fran  directions  sejxirated  by  40°  frcri  one  ajiotlier.  The  ex- 
periment was  desiqned  and  built  by  the  /\ir  Force  Geophysics  Laboratory, 
Electrical  Processes  Division.  IV/o  eirrays  were  flowii  on  the  Air  Force  satel- 
lite S3-2,  launchtxi  December  1975  into  a 250  by  1550  km  polar  orbit,  and  one 
array  was  flown  on  the  /dr  Force  satellite  S3-3,  launched  July  1976  into  a 
250  by  8000  km  -^xalar  orbit.  The  arrays  are  mounted  on  these  spin  stabilized 
so  that  the  normals  to  tv\0  sensors  in  eiach  array  are  approximately  in  the 
spin  plane.  The  other  tvo  nonrvils  are  40°  above  and  below  the  spin  plane. 

The  work  to  analyze  the  data  fran  the  polar  wind  has  proceeded  slowly. 

A series  of  problems  has  arisen  from  the  fact  that  the  design  of  the  ejqjer- 
iment  is  new  in  many  respects.  Planar  plasma  sensors  with  flat  current  col- 
lecting plates  have  been  used  for  over  half  a century,  but  never  before  has 
an  >array  of  planar  sensors  been  mounted  on  a satellite  to  detect  tlie  bulk 
motion  of  a plasma  from  the  difference  in  current  collected  from  the  various 
look  directions. 

The  fontiula  developjed  prior  to  launch  for  the  analysis  of  the  ion  data 
used  a very  sinple  calculation  of  the  direction  of  current  to  planar  sensor. 
This  calculation  assumed  the  ion  mean  thermal  speed  to  be  negligible  with 
respect  to  the  ram  speed  of  the  satellite  and  assumed  the  plasma  flowed 
from  2tt  steradians  into  an  infinite  plane.  When  data  became  available  it 
was  immediately  obvious  that  the  simple  calculations  could  not  be  used  in 
thC'  analysis  of  the  data. 

The  satellites  carrying  tlie  polar  wind  experiments  go  through  regions 
of  the  ionosphere  wht.re  O"*"  is  the  deminant  ion  and  has  a mean  thermal  speed 
of  apfroximately  1200  meters  per  second  to  regions  vdiere  daninates  and  has 
a mean  thermal  speed  of  4 kilometers  per  secend  or  more.  Ihc  satellite 
velocity  ranges  from  7 to  9 kilometers  {ler  second.  'Lhus  the  mean  thermal 
speed  of  the  ions  is  never  negligililc.  This  means  that  the  current  to  the 
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planar  sensor  varies  with  the  anqle  frcm  the  ream  direction  by  an  amount 
related  to  the  mean  thermal  sfjeed  as  well  as  the  angle  from  the  ram.  In 
order  to  find  the  tnae  ram  direction  (satellite  velocity  plus  bulk 
plaama  velocity)  , the  tcarpiorature  must  be  determined. 

An  additional  confjlication  is  the  fact  that  the  array  of  planar  sensors 
is  recessed  into  the  satellite  surface  which  causes  the  field  of  view  of  the 
sensors  to  be  partially  blocked  by  the  satellite.  The  portion  of  the  field 
of  view  of  each  sensor  that  is  obstructed  is  not  a simple  synmetric  shape 
=ind  is  different  for  each  sensor.  A iriethod  for  approxinately  dealing  with 
the  field  of  view  was  developed  and  described  in  detail  in  an  AFGL  Technical 
Note,  co-authored  by  Dr.  Peter  Wildman  of  AFGL  published  in  1977. 

The  method  of  data  analysis  that  was  determined  to  be  necessary  to 
account  for  the  thermal  speed  of  the  ions  and  the  geemetry  of  the  sensors 
is  a curve  fitting  procedure.  Model  curves  of  sensor  current  versus  vehicle 
attitude  during  the  portion  of  the  spin  cycle  when  the  array  faces  the  ram 
are  calculated  as  a function  of  the  plasta  mean  thermal  speed,  buLk  motion 
and  density.  The  pJasma  peurameters  are  varied  until  a "best"  fit  is  found 
of  the  theoretical  curve  to  the  data.  This  procedure  is  done  by  a cerputer 
program  that  has  been  developed  during  the  first  two  quartexs  of  1977. 

The  above  method  of  data  analysis  has  several  potential  prc±)lar£:  The 
oor^ter  time  required  to  fit  the  data  can  becorie  excessive.  The  algorithm 
assumes  that  the  plasna  parameters  are  cemstant  over  a period  of  approximate- 
ly 4 seconds,  wfiich  is  not  always  true.  The  algorithm  ignores  other  problaiis 
such  as  the  finite  size  of  the  satellite,  satellite  charging  problems  and 
spacfxrraft-plasma  interactions, 
i The  canputer  time  required  to  solve  for  the  plasma  i>arameters  has  been  a 
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prime  cfjnsideraticn  in  the  construction  of  the  canputer  codes.  The  program 
has  been  made  as  efficient  as  possible  without  sacrificing  accuracy  and  reli- 
ability. The  result  is  a program  that  runs  approximately  in  real  time,  i.e. , 
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approxuratciy  five  minutes  of  txinputer  tune  are  required  to  process  five 
minutes  of  data  frcm  tliis  ej^aeriment.  It  would  seem  that  the  task  of 
processing  large  cjuantities  of  data  will  require  large  quantities  of  ccmpu- 
ter  time.  For  the  mcment,  only  small  sections  of  data  will  be  processed 
based  on  the  quick  look  data  file  and  other  criteria. 

Variation  of  plasma  parameter  during  a 4-second  period  is  a problon  that 
must  be  lived  with  at  this  time.  Seme  attenpts  have  been  made  to  smooth  the 
data  on  the  bases  of  density  fluctuations  that  might  be  detected  by  a spherical 
electron  terperature/density  probe.  The  results  have  been  very  limited  due  to 
the  discovery  of  an  array  of  problems  associated  with  tlie  electron  probe. 

The  nature  of  these  problems  is  currently  under  investigation.  In  general, 
density  variations  over  4 seconds  of  the  satellite's  flight  are  of  manor 
importance  to  the  analysis  of  the  ion  data  except  in  the  auroral  oval  where 
data  analysis  is  presently  impossible . 

Prc±ilGns  such  as  the  entrance  of  particles  into  the  sensors  frcm  regions 
of  space  that  would  be  excluded  if  the  sensors  wore  mounted  on  an  infinite 
plane  have  been  considered.  So  far,  it  has  only  been  possible  to  determine 
that  there  is  a problem  but  no  method  of  dealing  with  the  problem  has  been 
developed  due  to  the  extreme  carplexity  of  the  problem.  For  example,  it  has 
been  found  that  extra  particles  are  drawn  in  when  the  swept  voltage  function 
of  the  electron  probe  drives  the  satellite  potential  highly  negative.  At 
the  moment,  data  taken  during  the  electron  probe's  sweep  can  bo  excluded,  but 
nothing  can  be  done  about  data  taken  when  the  satellite  potential  naturally 
goes  negative.  More  work  on  this  problem  needs  to  bo  done  in  the  future. 

2.  RESULTS  FROM  THE  EXPERIMFKP 

Since  so  much  effort  has  been  spent  on  development  of  ways  to  interpret 
the  data,  only  a very  modest  amount  has  been  analyzed  in  detail.  The  two 
most  notable  pieces  of  analysis  and  interpretation  are  related  to  a SAR 

(Stable  Auroral  Red)  arc  event  on  May  3-5,  1976  observed  by  S3-2  and  the 
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passages  through  the  plasmapause  at  high  altitudes  by  S3-3. 

The  plasne  in  the  icnosftero  at  the  time  and  position  of  the  SAR  arc  event 
was  observed  to  be  moving  westward  at  a speed  of  6 - 3 km/s.  This  event  was 
also  detected  by  the  AEX3L  electric  field  sensor  cn  the  S3-2  satellite.  A com- 
plete analysis  of  this  event  is  being  done  by  other  personnel  and  will  be  pre- 
sented by  Dr.  Studdy  of  AFGL  at  the  Spring  1977  Meeting  of  the  American  Geophys- 
ical Union. 

On  the  Air  Force  S3-3,  with  the  use  of  the  Polar  Wind  Ejqxiriment,  we  have 
been  able  to  clearly  define  the  location  of  the  plasnvapjause  when  the  satellite  is 
above  3000  km  altitude.  Below  this  altitude  other  ionospheric  effects  tend  to 
obscure  the  signature  of  the  plasmapause.  The  most  striking  features  found  so 
far  in  the  analysis  of  the  ion  data  are  (a)  pronounced  upward  movement  of  ions 
at  the  plasnapause  and  several  degrees equatorward  of  the  boundary,  and  (b)  a 
tendoicy,  especially  at  gecrvagnetically  disturbed  times,  for  small  segments  of 
plaanasphere  type  plasna  to  reside  a fav  degrees  poleward  of  the  plaanapause. 

This  feature  is  shown  in  Figure  1.  The  upper  {xirtion  of  the  figure 
is  a schejiatic  of  the  estimated  arrangement  of  the  plasma,  and  the  lower  portion 
shows  the  ion  data  for  one  S3-3  passage  of  the  plasmapause.  This  wark  will  be 
presented  by  myself  at  the  Spring  1977  Meeting  of  the  American  Geophysical  Union. 
3.  FimjRE  SPACE  MISSION 

On  an  as-requested  basis,  I have  provided  analysis  and  suggestions  on  pro- 
posals and  designs  for  future  missions,  being  written  by  the  Electrical  Process- 
es Division  of  AFGL.  This  work  has  mostly  been  related  to  space  missions  to  be 
oonducd:ed  from  the  NASA  Space  Shuttle. 

The  largest  single  piece  of  work  in  this  area  has  been  the  development  of  a 
concept  for  an  f«periment  to  modify  the  ionosphere  by  injection  of  chemicals. 

The  concep/t  developed  on  this  contract  is  to  inject  water  (H2O)  into  the  iono- 
sphere in  a two-step  process.  First,  the  water  will  be  released  fron  the 
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Shuttle  into  a lower  orbit.  The  water  will  be  enclosed  in  a large  balloon.  The 
balloon  will  be  filled  with  water  vapor  as  the  sunlight  heats  it.  Thein  the  water 
will  be  released  fron  the  balloon  at  the  appropriate  tiine.  The  advantages  of 
this  concept  over  those  previously  presented  are:  (a)  placeanent  of  the  modifica- 

tion of  the  ionosphere  in  front  of,  instead  of  behind,  the  Shuttle.  The  Shuttle 
with  onboard  instruments  supplied  by  AFGL  and  others,  will  then  be  able  to  pass 
through  the  modification  and  measure  it  in  situ;  (b)  A much  greater  percentage  of 
the  H2O  will  be  vaporized  in  a two-step  method  than  is  possible  in  a direct  re- 
lease of  liquid  H2O  into  a vacuum  (•^0%) . See  Figure  2 for  a detailed  example 
of  the  results  of  a two-step  procedure. 
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5,  FIGURES  CITED  Ii4  THE  TEXT 
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1.  S3-3  Deconber  1976  Mid  afternoon  Meridian 

Polar  Wind  Experiment 
2 Equilibrium  Vapour  Pressure 
Adiabatic  Vapourizaticxi 


